Objective: To evaluate the clinical outcome (180-day mortality) of very elderly critically ill patients (age ≥80 years) and compare with those aged 60 to 79 years.
Introduction
According to the Hong Kong Population Projections 2012-2041 report, the proportion of Hong Kong population aged ≥80 years is projected to increase markedly from 273 000 (3.9%) to 957 000 (11.3%) by the year 2041. 1 Improvements to health-care provision and environmental factors are responsible New knowledge added by this study • This study provides up-to-date information on the outcome for critically ill elderly patients. It is currently the largest study focused on the local population. Implications for clinical practice or policy • Despite having more significant co-morbidities, greater disease severity, and a higher intensive care unit (ICU)/ hospital/180-day mortality rate compared with those aged 60 to 79 years, our study showed that >70% of critically ill patients aged ≥80 years could be discharged home and their 180-day survival rate was >60%. Such information supports ICU admission for those aged ≥80 years. We recommend further studies to explore the long-term functional outcome of those critically ill elderly patients and the potential health economic impact associated with increased ICU admission for those aged ≥80 years.
for this change. The very elderly patients consume a higher proportion of health-care resources due to the presence of significant co-morbidities. 2 Similar to most other specialties, intensive care units (ICUs) face an increasing demand for care by elderly patients. A large multicentre cohort study conducted in Australia and New Zealand reported that the ICU ORIGINAL ARTICLE C M E morbidities (diabetes mellitus, metastatic carcinoma, leukaemia, or myeloma), and requirement for mechanical ventilation independently predicted 180-day mortality.
Conclusions:
The proportion of critically ill patients aged ≥80 years increased over a 5-year period. Despite having more significant co-morbidities, greater disease severity, and higher intensive care unit/hospital/180-day mortality rate compared with those aged 60 to 79 years, 71.8% of those ≥80 years could be discharged home and 62.2% survived >180 days following intensive care unit admission. Disease severity, presence of co-morbidities, requirement for mechanical ventilation, emergency cases, and admission diagnosis independently predicted 180-day mortality. admission rate for those aged ≥80 years increased by 5.6% per year. 3 An Austrian group noted a similar trend. 4 Intensive care unit is an expensive and limited resource. In theory, the decision to admit or decline a patient from ICU care should not depend solely on the patient's age, although some earlier studies hinted at such practice. 5, 6 The debate on the role of advanced age, as opposed to severity of illness, on clinical outcome of these critically ill elderly patients remains unresolved. Commonly used ICU prognostic scores, eg Acute Physiology and Chronic Health Evaluation (APACHE) score and simplified acute physiology score (SAPS), include 'age' as one of the components of a mortality risk prediction model. Although some studies have highlighted the importance of age in patient outcome, 3, 7, 8 others have concluded that age was not predictive of a poor prognosis in ICU. 9, 10 They suggest that severity of illness or premorbid functional status are more important determinants of ICU outcome.
老年病者入住香港一所分區醫院深切治療部後的 結果測量
9,10 Hong Kong, which has the longest life expectancy in the world, has few data focused on the outcome for critically ill elderly patients. 11 Our primary objective of this study was to evaluate the clinical outcome (180-day mortality) of very elderly patients (≥80 years old) and compare it with that of patients aged 60 to 79 years. The secondary objective was to determine factors associated with the survival of elderly patients (aged ≥60 years) who require ICU care.
Methods
This study was approved by the hospital Ethics Committee and written informed consent was waived. This study was a retrospective, singlecentre, cohort study conducted at the ICU of Pamela Youde Nethersole Eastern Hospital (PYNEH), a 2000-bed acute care regional hospital that provides comprehensive services except cardiothoracic surgery, transplant surgery, and burns. The ICU is a 22-bed closed mixed medical-surgical unit with an average admission of 1400 patients per year. All patients who were admitted to the ICU between 1 January 2009 and 31 December 2013 were evaluated. During the study period, there were no changes to ICU operation guidelines or major clinical decision makers. Patients aged ≥60 years were recruited for this study. The cutoff value of 60 years was adopted based on the United Nations definition of an older or elderly person.
12 Those for whom there were insufficient data for analysis or who remained in the ICU for <4 hours were excluded. Admissions that involved the same patient for different hospitalisation episodes were treated independently.
The following data were collected: demographics, significant co-morbidities (hypertension, congestive heart failure, diabetes mellitus, ischaemic heart disease, ischaemic or haemorrhagic stroke, chronic respiratory failure, end-stage renal failure requiring dialytic support, liver cirrhosis or liver failure, haematological malignancy, or immunosuppressed status), admission diagnosis, emergency or elective cases, ICU and hospital length of stay, and ICU and hospital outcomes. Mortality in ICU was defined as PYNEH ICU death within the index admission. Hospital mortality was defined as PYNEH death within the index admission. The 180-day mortality was defined as death within 180 days, calculated from ICU admission.
Patient's severity of illness was quantified using the APACHE IV system. 13 This is a severity-adjusted methodology that predicts outcome for critically ill adult patients and comprises the following major components: (1) acute physiology score focused on cardiopulmonary parameters and laboratory data retrieved as the worst value within the first 24 hours of ICU admission, (2) significant co-morbidities, (3) age, (4) ICU admission disease classification, and (5) patient's length of stay in the hospital prior to ICU admission. All patient data were collected from the hospital's information system and an ICU clinical information system (IntelliVue Clinical Information Portfolio, Philips Medical Systems, Amsterdam, The Netherlands). Patients were followed up until death or 180 days from ICU admission, whichever was the earlier. The most updated mortality and survival data were obtained from the Clinical Management System.
Statistical analyses
Data were reported as frequencies, percentages, means, and standard deviations. Univariate analyses were performed using Chi squared test, Fisher's exact test, and Student's t test where appropriate. Cox regression analysis using a forward stepwise strategy was performed (on factors with P<0.1 in univariate analyses) to determine the independent predictors of 180-day mortality. The interpretation of multivariable Cox regression analyses may carry significant problems in the presence of collinear variables such as age together with APACHE IV score, in which age is one of the prognostic components. In order to examine the effect of age per se and to avoid collinearity, age points were deducted from the total APACHE IV score to generate the APACHE IV-minus-Age score. Trend analysis was performed using Chi squared test for trend in proportions. All analyses were performed using the Statistical Package for the Social Sciences (Windows version 16.0; SPSS Inc, Chicago [IL], US) and R statistical program version 3.2 (R Foundation, http://www.r-project.org/). A P value of <0.05 was considered statistically significant and all statistical tests were two-tailed. The APACHE IV standardised mortality ratio (SMR) was calculated by dividing the observed mortality by the predicted mortality based on the APACHE IV score. An SMR of <1 indicated better performance than expected and >1 indicated suboptimal performance.
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Results
All patients aged ≥60 years
Over the 5-year period, 4247 patients aged ≥60 years were admitted to the ICU. After exclusion of 21 patients who had insufficient data for analysis (due to incomplete APACHE form data entry) or who remained in the ICU for <4 hours, 4226 patients were recruited. They represented 55.5% of total ICU admissions. This proportion was similar across 5 years (57.4% in 2009, 55.9% in 2010, 51.9% in 2011, 56.6% in 2012, and 55.9% in 2013; P value not significant). Emergency admission accounted for 83.8% of cases and 39.6% were for postoperative care. The mean APACHE IV predicted risk of death was 32%. The overall observed ICU mortality was 12.5% and the hospital mortality was 20.8% that translated into an APACHE IV SMR of 0.66. The ICU mortality ( Compared with patients aged 60 to 79 years, those ≥80 years old were more commonly female, admitted as an emergency, had more co-morbidities (had more ischaemic heart disease, but less likely to have renal failure on dialysis, cirrhosis, or malignancy), and had greater disease severity as assessed by APACHE IVminus-Age score (Table 1) . With regard to clinical outcome, those ≥80 years required more mechanical ventilatory support (55.5% for ≥80 years vs 48.2% for 60-79 years; P<0.001) and were less likely to receive renal replacement therapy (12.2% for ≥80 years vs 16.3% for 60-79 years; P=0.001). They also had higher ICU mortality (16.9% for ≥80 years vs 10.3% for 60-79 years; P<0.001), hospital mortality (28.3% for ≥80 years vs 17.2% for 60-79 years; P<0.001), and 180-day mortality (37.8% for ≥80 years vs 25.5% for 60-79 years; P<0.001). Their ICU and hospital length of stay were nonetheless similar. Despite having more significant co-morbidities, greater disease severity, and higher ICU/hospital/180-day mortality rate than those aged 60 to 79 years, 71.8% of those aged ≥80 years could be discharged home and 62.2% survived >180 days from ICU admission. Patients were divided into three age-groups namely 60-69, 70-79, and ≥80 years. Kaplan-Meier survival plot indicated a significant survival difference between the groups (log rank test P<0.001 for both ≥80 vs 60-69 and ≥80 vs 70-79 years; Fig 1) . Half of all deaths occurred within the first 15 days from ICU admission. The ratio of hospital death versus ICU death was the same across the three groups of patients (1.67 for all three groups of patients).
Independent predictors of 180-day mortality
For those aged ≥80 years (Table 2) , Cox regression analysis revealed that APACHE IV-minus-Age score, emergency admission, ICU admission due to cardiovascular cause, neurosurgical cases, presence of significant co-morbidities (diabetes mellitus, metastatic carcinoma, leukaemia, or myeloma), and requirement for mechanical ventilation independently predicted 180-day mortality. The Abbreviations: AED = accident and emergency department; APACHE = Acute Physiology and Chronic Health Evaluation; COPD = chronic obstructive pulmonary disease; CRRT = continuous renal replacement therapy; DM = diabetes mellitus; GI = gastro-intestinal; HT = hypertension; ICU = intensive care unit; IHD = ischaemic heart disease; LOS = length of stay; NS = neurosurgery; ORT = orthopaedics; OT = operating theatre; ROD = risk of death; SMR = standardised mortality ratio * All data are shown as mean ± standard derivation or No. (%), unless otherwise specified † Percentages are based on the number of hospital survivors in each group findings of Cox regression analysis for those aged ≥60 are shown in Table 3 . Age, APACHE IV-minusAge score, emergency admission, ICU admission due to cardiovascular or renal cause, neurosurgical cases, presence of significant co-morbidities (diabetes mellitus, metastatic carcinoma, leukaemia, or myeloma), and requirement for mechanical ventilation or renal replacement therapy were likewise independent predictors of 180-day mortality for elderly patients ≥60 years old who received intensive care.
Relationship between age, disease severity, and 180-day mortality
Patient disease severity was stratified into four groups (quartiles) according to APACHE IV-minusAge score (1st quartile ≤37, 2nd quartile 38-55, 3rd quartile 56-81, 4th quartile >81 years). In general, the 180-day mortality rate increased with disease severity (Fig 2) . The mortality rates were quite similar (with <5% difference) for those ≥80 years and those aged 60 to 79 years with low disease severity (quartiles 1 and 2) but the gap widened (with 10%-15% difference) with higher disease severity (quartiles 3 and 4).
Discussion
Our 14 They usually have more co-morbidity, are admitted to ICU as an emergency, and have higher disease severity. Their 180-day mortality rate was 1.7-fold that of 60-69 years old. The 180-day mortality rate also increased with disease severity (Fig 2) . The mortality rates were quite similar (with <5% difference) for those aged ≥80 years and those aged 60 to 79 years with low disease severity but the gap widened (with 10%-15% difference) with higher disease severity. This may Abbreviations: APACHE = Acute Physiology and Chronic Health Evaluation; CI = confidence interval; DM = diabetes mellitus; ICU = intensive care unit be due to a lower physiological reserve in the ≥80s that manifests when illness is severe. This study could not demonstrate how physiological reserve diminishes with age. As this was a retrospective observational study, we cannot tell whether the greater hazard for death in those ≥80 years is really related to a 'lower' physiological reserve, or whether ICU doctors/family are more likely to withhold/ withdraw life support. The decision to limit therapy involves assessment of a patient's quality of life; such data were not available in this study. These findings also indicate the importance of early management of clinical deterioration in those aged ≥80 years. When disease severity progresses, mortality risk increases much faster among those ≥80 years than in those aged 60 to 79 years. With regard to the level of treatment in the ICU, previous studies have shown that very elderly patients receive less aggressive treatment than younger patients. [15] [16] [17] [18] In our cohort, the elderly patients were less likely to receive renal replacement therapy. Mechanical ventilation, however, was commonly performed even in those aged ≥80 years (55.5%), which is in contrast to previous studies. 4, 19, 20 This may have been due to a difference in case-mix and clinical practice. Lerolle et al 21 showed that the intensity of ICU treatment has increased and survival has improved over a decade for those aged ≥80 years. Ihra et al 4 also showed that the prognosis of those aged >80 years improved by 3% per year. Thus admission of such patients to ICU for a trial Abbreviations: APACHE = Acute Physiology and Chronic Health Evaluation; CI = confidence interval; CRRT = continuous renal replacement therapy; DM = diabetes mellitus; ICU = intensive care unit period of therapy is warranted. The impact of age on mortality has been demonstrated in our study and previous studies. 3, 8, 18 Similar to previous studies, however, the presence of significant co-morbidities, disease severity, and use of mechanical ventilation also independently predicted mortality.
3,4,22 These findings are not surprising and indicate that the decision to refuse ICU care for those aged ≥80 years should be based not on age alone, but also on multiple factors listed in Tables 2 and 3 . Comorbidities may manifest as impaired pre-admission functional status or increment of complication rate during hospital stay. Functional status usually includes physical, cognitive, and social functioning. Impaired functioning in daily life is more prevalent in the elderly patients and independently predicts mortality. 23, 24 Previous studies have also shown that elderly patients have a higher surgical complication rate and risk of nosocomial infection. 25, 26 With regard to mechanical ventilation, animal study has shown that ageing increases susceptibility to injurious mechanical ventilation-induced pulmonary injury. 27 Although no human study has confirmed this finding, survival rates in patients with acute respiratory failure correlate with age and decrease with duration of mechanical ventilation. 28, 29 Post-ICU discharge mortality is determined by care in general wards and end-of-life decisions. Calculating the ratio of hospital deaths versus ICU deaths can provide some insight into this issue. A higher ratio implies that more patients die in the general ward than in the ICU. In our study, the ratio was the same across the three groups of elderly patients (1.67), indicating a similar level of care after ICU discharge. Our finding was similar to the study 19 but our ratios were lower than those in other overseas studies. 3, 4, 30 Compared with other multicentre studies, 3, 4, 19, 20, 30 we admitted more patients aged ≥80 years (18% vs 9-13%) [ Table 4 ]. The median ICU length of stay was comparable. Similar to them 4, 19, 30 (except Bagshaw et al's study 3 ), most ICU admissions for ≥80 year olds were emergency in nature and carried a higher hospital mortality. A study conducted by Bagshaw et al 3 had a relatively higher proportion of elective cases (38%) and explains their apparently lower hospital mortality compared with others. It is difficult to compare disease severity across different studies as severity scoring systems are inconsistent. The performance of ICU for these groups of patients, however, can be assessed by the SMR that represents the ratio of observed versus expected mortality based on the severity score. An SMR of <1 indicates better-than-expected performance and >1 indicates suboptimal performance. Our SMR was slightly lower than other overseas studies and this might indicate a better outcome for those ≥80 years old. Another possible explanation for this phenomenon is that the severity scores adopted by other studies, namely SAPS II and APACHE II score, were developed in the 1990s and may not be appropriate to the modern ICU setting. [31] [32] [33] The triage decision for ICU admission is always a difficult task for the critical care physician. The potential benefit of ICU care should be weighed against the multiple risks, namely iatrogenic complications from invasive monitoring and treatments, higher exposure to nosocomial infection and ICU delirium, in which the elderly patients are more vulnerable. [34] [35] [36] We do not have any data from a randomised controlled trial that can advise whether we should place an upper age limit on ICU admission. Our study showed that more than 70% of critically ill patients aged ≥80 years could be discharged home and their 180-day survival rate was >60%. This is firm evidence to support ICU admission for those ≥80 years old. Post-discharge functional outcome is another valuable parameter and warrants consideration during triage decision. Such information, however, was not available in our study. The decision to discharge patients from ICU and hospital depends not only on clinical factors, but also on operational factors (eg bed occupancy and manpower issue). This may induce bias in assessment of patient outcome when using ICU or hospital mortality alone. Using 180-day mortality, as in our study, will resolve this problem.
Is it cost-effective to treat elderly patients in the ICU? It is difficult to conduct randomised study of this issue because of ethical considerations. An observational study by Edbrooke et al 37 examined the cost-effectiveness of ICU admission by comparing patients who were accepted into ICU after ICU triage with those who were not, while attempting to adjust such comparison for confounding factors. Their study showed that ICU admission not only improved survival, but the cost per life saved decreased as severity of illness increased. The cost decreased substantially for patients with predicted mortality higher than 40%. The elderly patients have significant co-morbidities and higher disease severity that contributed to elevated predicted hospital mortality. Therefore, they may benefit more from ICU care at a lower cost. Chelluri et al 38 investigated the relationship between age and hospital cost for those patients who received prolonged mechanical ventilation. Daily and total costs for hospitalisation were less for older patients than younger patients. One would think that the lower hospital cost was due to higher mortality and consequent shorter length of stay of elderly patients, but it is not the case. The relationship between age and costs was independent of hospital mortality, resuscitation status, and discharge location. More studies are required to clarify the potential health economic impact associated with increased ICU admission for these elderly patients.
Our study has several limitations. First, we have no information about the decision to limit or withdraw therapy. This may contribute to some of the differences between the oldest-old and other groups of patients. Second, the pre-ICU admission functional statuses and post-discharge quality-oflife assessment were not available. Functional status before ICU admission correlates with long-term outcome, and the absence of such information may have induced bias in this study. 7, 39 Many elderly patients deteriorate with critical illness that requires ICU care and improve after hospital discharge, although quality of life fails to return to the preadmission level even after a prolonged period. 40, 41 Therefore, quality of life should be assigned the same weighting as mortality when determining a patient's outcome. Third, other confounders such as smoking or nutritional status were not recorded and might have affected prognosis. Fourth, the follow-up duration was short and long-term outcome could not be assessed. Finally, this was a single-centre study and the findings may not be applicable to other institutions.
Conclusions
The proportion of critically ill patients aged ≥80 years increased over 5 years. Age, disease severity, and presence of co-morbidities independently predicted 180-day mortality. Despite having more significant co-morbidities, greater disease severity, and higher ICU/hospital/180-day mortality rate than those aged 60 to 79 years, 71.8% of those aged ≥80 years could be discharged home and 62.2% survived >180 days from ICU admission. This provides evidence to support ICU admission for those aged ≥80 years. We recommend further studies to explore the longterm functional outcome of these critically ill elderly patients and the potential health economic impact associated with increased ICU admission for those aged ≥80 years.
